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Experimental studies using rats showed that pre and postoperative systemic diclofenac administration reduces collagen fibers synthesis 15 and inhibits fibroblasts, leading to a poor wound healing 16 . However, other studies did not report such effect, finding that systemic postoperative diclofenac administration do not interfere on dogs skin incisional wound healing process 17 . Recently, studies using rats also reported that systemic short term use of diclofenac for postoperative pain can cause down regulation of fibroblasts; however, do not interfere significantly on healing process 16 .
NSAID are increasingly used for perioperative pain relief, while their potential effects on wound healing are scarcely investigated 17 . Diclofenac topical administration might be an alternative for avoiding flushing, pain and discomfort in wound area, without having the complications of systemic administration.
Moreover topical diclofenac effect in excisional wound healing remains unknown. Thus, diclofenac topical gel was investigated as an alternative to reduce phlogistic signals and maintain quality of wound repair.
Methods
The project was previously approved by the Animal use and care committee at the Para State University (protocol 01/13).
Fifteen (8-10 weeks) male Wistar rats, weighting 250-300g were used in this study. The animals were kept in a vivarium of the Experimental Surgery Laboratory at the Para State University (LCE-UEPA) with a controlled temperature, light, humidity, and noise; water and food was provided ad libitum. The research followed the rules of Brazilian National Law for Animal Care (Law: 11.794/08).
Experimental protocol
The experimental protocol is illustrated in Figure 1 .
This study is comprised by one group of study, where each animal is its own control:
Wound Repair group (WR): Four spherical wounds were performed on the dorsum of all animals, two each side of median line. In the cranial wounds was done topical diclofenac gel (11.6mg/g) administration and caudal wounds were only washed with saline isotonic solution (NaCl 0.9%).
Animals were then randomly assigned into three subgroups (N= 5 each): Wound repair seven days (WR7), Wound repair 14 days (WR14) and Wound repair 21 days (WR21) according to the time elapsed from surgery to animal euthanasia.
Surgical procedures
All surgical procedures were performed under anesthesia (ketamine hydrochloride and xylazine hydrochloride 60 mg/kg and 6 mg/kg, respectively, i.p.). Dorsal region was shaved using an electric shaver and then antisepsis of region was done.
Excisional wounds were performed using a metallic punch of 4 mm diameter, reaching skin and subcutaneous tissue.
Cranial wounds were 3 cm distant from caudal wounds. Diclofenac and saline solution were applied everyday and once in a day until euthanasia. Physical restraint was adopted in order to apply the substances. During postoperative days, animals remained in individual cages and isolated from their bedding through a metallic net to avoid wound infection.
Animal euthanasia was achieved by lethal anesthetic doses.
Analyzed parameters

Gross wound analysis
Before euthanasia, wounds were analyzed for its visual appearance regarding to scab formation, phlogistic signals and scar formation.
Wound area
After euthanasia, rats were positioned and pictures of wounds were taken to measure wound area using the software Image J ® .
Histological analysis
After euthanasia, wounds were harvested, fixed in 10% formaldehyde, embedded in paraffin, and stained using Hematoxyline-Eosine (HE) and PicroSirius-red (PS). In HE stained tissues, multiple sections were analyzed with regard to the presence of neutrophils, monocytes, angiogenesis, fibroblasts, collagen deposit and keratinocytes. These assessments were evaluated by a pathologist into: absent (score 0), mild (score 1), moderate (score 2), intense (score 3) 18 . In PS stained tissues, proportion of type I and III collagen fibers was measured.
Statistics
Analysis of variance (ANOVA), followed by Tukey posthoc test correction, was performed for the area analysis and proportion of collagen fibers. Kruskal-Wallis test was used for the histological parameters. Statistical significance was assumed at p < 0.05.
Results
Regarding to wound area analysis, our results showed that WR7 had difference between diclofenac wound area and saline solution wound area; other comparisons were not significant (Figure 2 ).
Gross wound analysis showed significant higher scab formation in diclofenac wounds at seven days; however showed less phlogistic signal (Figure 3 ). Regarding keratinocytes migration, WR14 wounds treated by diclofenac showed higher keratinocytes presence in wound area (Figure 8 ).
Monocytes measurement showed difference only at WR21 wounds; other comparisons were not significant ( Figure 5 ).
Angiogenesis was significantly higher on saline WR21
wounds; other comparisons were not significant ( Figure 6 ).
Fibroblast measurement showed similarity between diclofenac and saline treated wounds in all analyzed periods.
Collagen fibers deposit showed very similar pattern ( Figure 7 ). There was no difference regarding the proportion of collagen fibers type I and III in all studied periods. Collagen fibers type I was significantly higher in WR21 wounds when comparing to WR7 wounds ( Figure 9 ).
Discussion
Diclofenac has shown great ability to reduce perioperative pain having morphine-sparing effects, so its use should not be ignored Diclofenac anti-proliferative effects in fibroblasts 16, 20 and keratinocytes 20 were previously described in experimental studies that evaluated systemic diclofenac effect in wound healing.
However that effect is unlikely to be an explanation for delayed wound contraction induced by diclofenac in this research, since it happened in an early phase.
The histopathology assessment showed that diclofenac Both saline and diclofenac attracted monocytes (macrophages and lymphocytes) to wound area. These cells continue to "clean" the wound and their presence is related to the quantity of foreign bodies in wound area; they also release cytokines that attract fibroblast and endothelial cells. 28 Was detected that diclofenac treated wounds had more monocytes on the 21 th postoperative day, suggesting that diclofenac topical gel administration induce to more foreign bodies presence, which could be explained for the inactive ingredients in diclofenac topical gel formula.
After wound cleaning functions, there is increased angiogenesis, collagen deposit and reepithelialization, leading to the final steps of wound healing. 7 Angiogenesis is a very important process, since the recently formed blood vessels are responsible for delivering nutrients to wound area and also enables fibroblast and other cell types to reach wound region 7 .
The lower angiogenesis level found in diclofenac treated wounds in the 21 th postoperative day, possibly reflect that there was low demand for new blood vessels since the wound healing process was satisfactorily accomplished. On the other hand, saline treated wounds potentially were in need of nutrients income and toxins washout.
During the physiological process of healing, collagen accumulates in the area of the wound until the 21 st day after the injury; after this period, the balance between synthesis and degradation of collagen is restored, with a rapid disappearance (apoptosis) of fibroblastic cells. 6 Fibroblasts level increased within postoperative days; however was not detected any dissimilarity concerning fibroblast presence in wound area when saline or diclofenac was used. Since collagen deposit is directly related to fibroblastic cells action, there was also no difference regarding collagen deposit on wound area. 
Conclusion
Diclofenac topical gel is capable of reducing phlogistic signals and do not cause fibroblast or keratinocyte downregulation thus do not lead to excisional wound healing impairment.
